INTRODUCTION
Biochemistry is one of the basic science subjects in the first phase of medical curriculum. In the present day scenario, didactic lectures are the mainstay of teaching biochemistry in most of the medical schools in India. Such a system is teacher-centered with minimal active participation from the students. 1 Teaching the basic science subjects is very important for the clinical years that lie ahead. 2 Recently, a series of strategies and alternatives are developing for teaching biochemistry. There is a continued need for the development of alternatives to expand learning styles and making it more interesting and fun to learn and study rather than making it boring. Case-based learning (CBL) may be designed and introduced along with traditional didactic lectures in a way that it creates interest, promotes better understanding, active participation and self-directed learning. As a whole, learning should be made a pleasure and the student should be motivated to become a life-long learner. Emerging trend all over the world today is to have a problem-based or case-based student-centered medical curriculum, demanding active participation from the students and facilitating self-directed learning. Many authors are convinced that students learn more effectively if the knowledge and skills they acquire are inserted and contextualized in relevant real-life, problem-based situations. 3 Problem-based learning (PBL) was first introduced by McMasters University medical school as an educational format centered around the discussion, and IJMB learning that emanates from a clinically based problem. 4 In PBL, students use a trigger for a problem to define their own learning objective, which requires ability to process and discuss ideas and learn independently. Problembased learning in its original format of "open inquiry approach" may not be possible in our setup because students entering MBBS course are coming from a regular way of teaching where they are exposed to only didactic lectures. There is no prior exposure toward self-directed learning and active participation. 4, 5 Thus, there is a need for gradual change in the teaching and learning program where formal way of teaching has to continue and the newer approaches have to be introduced along with. Case-based learning is an educational paradigm closely related to the PBL that uses a "guided inquiry approach" toward solving the problem. 5 Case-based learning main traits are derived from PBL. Case-based learning provides more structure during small group discussions. Cases place events in a context or situation that promote authentic learning and allow students to develop a collaborative team-based approach to their education. The other benefits of CBL are that it develops intrinsic and extrinsic motivation for learning, encourages self-evaluation and critical reflection, integrates knowledge and practice, and helps to develop learning skills. 6 Teachers would also benefit from taking CBL to their teaching as they have a chance to reflect upon the learning process when they formulate and introduce the cases to students. 7 The main focus of CBL is to integrate basic science material with clinical science. We have to mainly focus on the way by which we can implement this CBL approach along with the traditional curriculum and also evaluate it in a proper way, so that it can be reflected on as a better learning tool. Thus we have formulated a simple innovative module for implementation and evaluation of CBL as a tool to teach biochemistry for MBBS phase 1 students.
OBJECTIVES
• To develop an additional simple teaching module with the existing university curriculum to improve the clinical applicability of biochemistry • To develop an assessment module in view of assessment of student's skills to interpret and identify the clinical problem
• To evaluate the utility and effectiveness of the new teaching and assessment module
INTERVENTION I. Module for Implementation
To meet the above objective, we formulated an innovative module for implementation and evaluation of phase 1 MBBS students.
Simple Teaching Module including CBL Sessions
1. Distribution of teaching hours based on multiple teaching tools The teaching hours include didactic lectures, tutorials, practicals, demonstrations, and case discussions ( Table 1 ). 2. Conducting CBL sessions (a) Selection of cases was based on real-life problems and in alignment with the curricular material previously covered. Cases are selected based on the topics going on simultaneously in theory classes. Theory classes will provide the core content of the subject and also creates a link with the case to be discussed. One module covering the overall concept of related topics that can lead the students toward clinical application of biochemistry is shown in Table 2 .
(b) Structuring of cases -based on the requisites 8 The cases which are formulated:
• Stimulate thinking, analysis, and reasoning • Stimulate self-directed learning • Promote studying the intended contents • Enhance interest in subject matter • Have relevance to the future profession with realistic content • Match the level of prior knowledge (c) Pattern of case discussions
Pattern of case discussions (Newly formulated module)
This is based on the aim that the learning context should closely match the situations in which the information will be utilized and should improve the understanding, participation, and analytical knowledge of the students.
• Simulated cases were shown to the students in groups 
II. Evaluation of Student Performance
• Formative assessment testing the knowledge gained by the students
• Case-based exams followed by newly formulated module for assessment of student's skills in interpreting the case • To assess knowledge base, clinical reasoning, and decision-making skills (Table 3 ). This module was tested for its reliability, validity, feasibility, acceptability, and educational impact.
The evaluation pattern will be discussed in detail among the teachers before starting the CBL sessions.
III. Utility and Effectiveness of New Teaching Module
• It can be evaluated by comparing the performance levels of students exposed to traditional way of teaching and those exposed to the new modified CBL module. • Student's perceptions -Retrospective survey can be done using questionnaire.
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• Teacher's reflections -Survey using questionnaire.
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MATERIALS AND METHODS
Prior to the Case-based Learning Session
Before starting this kind of innovative CBL sessions, we prepared a questionnaire to know the teacher's perceptions on the new teaching module described above. The details of the module were described in detail to all the teachers. Feedback was taken from each subject expert in the college regarding the new module of teaching, which was then validated by the experts. Informed consent was taken from the students and ethical clearance obtained from the Institutional Ethical Committee.
During the Session
Study participants: Hundred students studying in the phase 1 MBBS course were included for the CBL sessions; 87 students participated in the study. 
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The pattern was followed as per the module formulated and mentioned above. The topic was taught in the classroom in the form of didactic lecture. We then divided the students into 10 batches of 10 students each. Ten clinical cases were selected for CBL sessions. Each student was given two cases for discussion. Pretest was conducted before the actual CBL sessions in the standard format of questions according to our criterion-based module. The CBL sessions were conducted as described in the section above. We discussed the same topic in small groups of 10 students with detailed discussion and clarification of the student's doubts, followed by posttest for CBL session.
After the Case-based Learning Session
The answer scripts were evaluated as per the newly formulated assessment tool (Table 3 ) and the performance of the students was analyzed. The marks obtained by the students in the pretest and posttest were tabulated and analyzed by Student's paired t-test using Statistical Package for the Social Sciences software version 20. Feedback was taken from the students regarding this module using a prevalidated questionnaire and was analyzed. Teacher's reflections on CBL sessions were also taken using a prevalidated questionnaire and analyzed.
RESULTS
The performance of the students showed drastic improvement after the CBL sessions (Table 4 ). There was highly significant improvement in their marks. The performance level of the students was average before the CBL sessions (pretest scores), which later improved to very good level after the CBL session (posttest scores) Pretest score (n = 87) Posttest score (n = 87) Pretest-posttest 4.9 ± 2.9 12.1 ± 3.9 < 0.0001* *p < 0.0001 highly significant; values expressed as mean ± standard deviation (p < 0.0001), which was assessed based on the new assessment module.
The majority of student feedback in relation to their CBL experiences was very positive; 85% of the students agreed that CBL helps in deep learning and critical thinking, reasoning, and diagnostic interpretation, which improved their knowledge; 77% of them agreed that it helps in self-directed learning, improves confidence and communication skills; 85% were highly satisfied with this kind of learning sessions that made the subject more interesting and enjoyable; 84% felt it will help in their preparation for exams and content retention for their future. The feedback is summarized in Table 5 .
The teachers also gave their reflections and feedback which is summarized in Table 6 ; 80% of the teachers agreed that CBL will help in deep learning and better understanding of the subject; 40% agreed that it will improve their communication skills and active participation; 60% agreed totally that it will help to retain the content and perform better in exams but it takes time for preparation by the teachers; 73% agreed that as the cases are based on real-life problems, it will help them in their future profession; 56% agreed regarding the assessment of the students based on this new module.
DISCUSSION
In the traditional curriculum, learning is teacher-centered. The teacher has the responsibility to teach, and took the responsibility for what was to be learned by the students. Lack of clinical relevance to learning will make the subject disinteresting and boring to them and learn biochemistry by rote memorization. 12 This new CBL module is designed in such a way that it can be implemented with much ease along with the existing pattern of curriculum. Here the clinical correlations start from the beginning of the course in alignment with the topics covered in lectures. By this approach, students will be able to retain the knowledge through active participation rather than rote memorization, develop reasoning strategies, and assume responsibility for learning. In addition, they develop problem-solving skills, clinical judgment, and self-assessment skills and practice applying biochemical knowledge to clinical practice. Use of multiple teaching tools will provide a broad understanding of the subject without any drastic change in teaching pattern. The students accepted the newer ways of teaching and learning with greater interest and involvement.
Cases helped learners to develop problem-solving skills and collaborative skills that are recognized as key outcome skills that students will need in their future professional lives. Structured cases were given to the students for small group discussions. The group focused on creative problem-solving with some advance preparation. The facilitators/tutors will use guiding questions to bring them onto the main learning objective. Both students and faculty contribute to the discussion; learning issues are preidentified while student discussion is still 13 Mean score of knowledge acquisition was higher in student exam results when facilitated by expert tutors compared with nonexperts 14 and our study also showed the same results ( Table 4 ). The guidance given by the expert will take away the fear of active participation in discussion, encourages students to search literature for information, and allows the student to understand the concept with much ease. Students undertaking CBL format were encouraged to ask questions and make comments during class and CBL made the learning more enjoyable compared with traditional lecture format. Student's perception indicated that clinical reasoning, diagnostic interpretations, and the ability to think logically were also improved with CBL. 5, 15 This study showed that students performed better in post CBL sessions, indicating CBL is an effective method compared to didactic lectures that helped the students in deep learning 16, 17 (Table 4 ). The deep approach is the most appropriate and desirable way of learning, i.e., closely linked to the intellectual processes that are expected in all medical students. 18 The CBL not only integrated the related basic sciences and clinical medicine but also importantly linked to student's developing knowledge of theory into practice. Case-based learning was also valued by students as their first introduction to clinical skills, with most tutors believing that it was the nonthreatening environment that helped students gain confidence for their first "real patient" encounters. 19 Traditional forms of assessments are not compatible with the overall constructivist nature of the case-based approach of learning and teaching. Poorly designed assessment has the danger of wrongly focusing student's attention onto surface learning skills, such as rote memorization. Since assessment drives learning, learning process also should be included in the assessment scheme; otherwise it de-emphasizes the process elements like problem-solving skill, teamwork, and communication. 20 Our newly formulated assessment module for CBL sessions focuses on the learning of the students. The questions asked about a particular problem start from basic information toward critical thinking and reasoning. The way in which different levels of eligibility are created drives the student learning in a deep manner rather than rote memorization. Valuation of the answer scripts were made more objective by formulating specific questions which satisfies the specific learning objectives and giving answer keys to the teachers. This made the assessment more valid. Performance by the students was consistently very good in all CBL sessions, even when different cases were given to different groups. This makes it more reliable. Students are strongly influenced by assessment. According to the feedback given by the students and teachers, this module has a good educational impact. The time and effort taken for formulating and testing this new module of teaching was worth it, and we found it to be practical and feasible. Hence, our newly formulated assessment tool stands appropriate, which can be included in the present curriculum. 21 The utility and effectiveness of this new teaching module has been proven by analyzing the student's performance in formative assessment. Feedback from students gave us the final result of success of this teaching module 22 (Table 5 ) and also teacher's reflection toward improvements in the teaching learning process (Table 6 ). Both the teachers and the students were satisfied with this kind of teaching method. 23 This innovative teaching module and our newly formulated assessment tool proved to be very effective for learning biochemistry.
Implications of the Proposed Teaching Learning Module
• Implementation of this modified approach toward case studies will improve the student's exposure to clinical cases while learning basic concepts and also understanding of the subject with a friendlier and acceptable attitude.
• By making it a regular teaching tool from the beginning, it will help students to improvise their thinking ability in applying basic knowledge to analyze and interpret the clinical problem and also appropriate utilization of the lab tests toward diagnosis and prognosis of the clinical scenario. To conclude, the focus of the present study was to design a simplified CBL course and assessment strategies directed toward our learning objectives. Hence, we have formulated an innovative simple CBL session along with few new modules for assessment and few modified from literature. We implemented it in our existing curriculum without much requirements of additional infrastructure or teaching faculty. We also saw very good outcome of this teaching module. These modules can be implemented and any improvements needed may be introduced in future.
